This paper investigates how oil price shocks interact with oil-importing and oil-exporting stock markets within a nonlinear autoregressive distributed lag framework. By defining oil prices as endogenous variables, this model allows us to gage the shock transmission among the system variables and consider the asymmetric long-and short-run effects. Our empirical findings show an asymmetric long-run relation between stock market prices and macroeconomic fundamentals. These results suggest that investors should adjust their investment strategies to changes in oil prices and consider the asymmetry when forecasting and managing the negative impacts of unexpected events.
I. Introduction
This study investigates the impact of oil price changes and certain macroeconomic variables on stock market prices. Investors are expected to react more when there are large negative oil price shocks. Thus, it might be inappropriate to gage such reactions in a linear setting. Further, this sample is marked by the global financial crisis of the autumn of 2008, which may have induced nonlinearity and asymmetry into the financial and economic time series. Various studies have found evidence of possible nonlinearity in financial and macroeconomic data (Aloui et al. 2013 , Reboredo and Rivera-Castro 2013 , Jammazi et al. 2014 . The possible nonlinearity is driven, according to Jammazi et al. (2014) , "by successive episodes of economic and financial crisis, black swan events, geopolitical tensions, structural changes in business cycle, and heterogeneous economic agents." The authors also added, "the asymmetries can arise from the dif ferences in the fundamental factors that determine the dynamics of markets under consideration". Accordingly, considering these vital externalities, we investigate the instantaneous long-and short-run asymmetric impacts of positive and negative unit changes in both national and world of both national and world oil price shocks on the stock market prices of oil-importing and oil-exporting countries, using the Nonlinear Autoregressive Distributed Lag (NARDL) bounds-testing approach proposed by Shin et al. (2014) .
Using monthly data of Organization for Economic Cooperation and Development (OECD) oil-importing and oil-exporting countries from January 1986 to May 2015, the empirical findings show the existence of a long-run relation between stock market prices and oil prices, real industrial production and short-term interest rates. In particular, an asymmetric long-run relation is detected in most of the sampled countries. The dynamic multiplier also shows a significant and rapid response of stock market prices to positive and negative changes in the short-term interest rates. However, changes in oil price and real industrial production do not have a significant impact or a delayed time horizon impact on stock market prices. The study focuses on the OECD countries because they represent more than 50% of the world's oil consumption (53% in 2010).
1 They also have much lower oil consumption growth than non-OECD countries, demonstrating a decline from 2000 to 2010. 2 These specific transitions in oil consumption are likely to induce asymmetric and nonlinear oil price impacts on stock market prices in the OECD countries.
From an economic perspective, a number of studies have focused on the linkages between changes in oil prices and economic recessions. In a seminal study, Hamilton (1983) linked the US economic recessions to rises in oil prices. He argued that seven of the eight US post-war economic recessions were preceded by an increase in oil prices (Hamilton 2011) . Moreover, the negative impact of oil price shocks has been empirically established by Hamilton (1983 Hamilton ( , 1996 Hamilton ( , 2003 Hamilton ( , 2011 for the US, Cũnado and Perez de Gracia (2003) for European countries, Cũnado and Perez de Gracia (2005) for Asian economies, and Engemann et al. (2011) for other economies.
From a financial perspective, changes in crude oil prices may lead to economic depression, which could weaken asset prices. Thus, it is crucial to study the possible effects of crude oil price shocks on stock prices. These findings can help government authorities to reduce the instability in financial markets caused by oil price shock. Furthermore, an empirical analysis of the impact of oil price shocks on stock markets will help financial market participants in adjusting their decisions and revising their coverage of energy policies, which is substantially affected by the turbulence and uncertainty in the crude oil market (Arouri et al. 2011, Awartani and Maghyereh 2013) .
Empirical evidence regarding the impact of oil price changes on stock markets is mixed and inconclusive. For example, Jones and Kaul (1996) , Sadorsky (1999) , and Cũnado and Perez de Gracia (2014) have confirmed that an increase in oil prices has a significant but negative impact on stock market prices. In contrast, several studies (Faff and Brailsford 1999 , Sadorsky 2001 , El-Sharif et al. 2005 have found a positive and significant relation between oil prices and stock market prices. An insignificant effect of oil prices on stock market prices has also been empirically confirmed by Chen et al. (1986) and Huang et al. (1996) . Narayan and Sharma (2011) argued that oil prices may have different impacts on stock market prices, depending on the industries, and further reported that stock market prices are sensitive to lagged oil prices. Degiannakis et al. (2003) , Kilian and Park (2009) , Filis et al. (2011) , Cũnado and Perez de Gracia (2014) , and Dhaoui and Saidi (2015) noted that the effect of oil price shocks on stock prices depends on the nature of the shocks, namely, whether they are demand or supply side shocks. More obviously, the relation between oil price shocks and stock market prices depends on whether a country is a net importer or net exporter of oil (Degiannakis et al. 2003 , Filis et al. 2011 , Dhaoui and Saidi 2015 .
The remainder of this paper proceeds as follows. In Section II, we provide an overview of the related literature. Section III describes the data and methodology. In Section IV, we present the key empirical findings with a discussion, and finally, Section V concludes.
II. Literature Review
A negative relation between oil price changes and stock market prices is empirically, but strongly, confirmed in the US market, European countries, and other economies (Hamilton 1983 , 1996 , 2003 , 2011 , Jones and Kaul 1996 , Sadorsky 1999 , Cũnado and Perez de Gracia 2003 , Cũnado and Perez de Gracia 2005 , Engemann et al. 2011 , Cũnado and Perez de Gracia 2014 . A positive but significant impact of oil price changes on stock market prices has been reported by Faff and Brailsford (1999) , Sadorsky (2001), and ElSharif et al. (2005) , among others, but an insignificant relation between these variables has also been exposed by Chen et al. (1986) and Huang et al. (1996) .
A number of transmission channels have also been identified, such as those by Bernanke et al. (1997) , Lee and Ni (2002) , Edelstein and Kilian (2007) , Blanchard and Gali (2009) , Kilian and Park (2009) , Lee et al. (2011) , and Serletis and Elder (2011) . Stakeholders in oil markets are generally interested in how the volatility and oil price shocks are transmitted to stock market prices. Uncertainty is presented as an essential channel through which changes in oil prices can be transmitted to the key sectors of an economy, including the real sector and the financial sector (Başkaya et al. 2013 , Aye 2015 , Caporale et al. 2015 , and Cũnado et al. 2015 . In this vein, the stock market prices depend on the expected cash flows discounted by the required rate of returns (Williams 1938) , which are substantially sensitive to any factor that could alter the expected cash flows or the required rate of returns (Filis et al. 2011) . Moreover, a rise in oil prices can directly increase the cost of production and, consequently, lower the value of the cash flows that are considered in stock assessment models (Jones et al. 2004) . These effects can also be extended to sectors other than the manufacturing industry. Indeed, due to a reduction in discretionary income or an increase in precautionary saving, an increase in oil prices may lead consumers to cut their spending that are not directly related to the oil industry (Gogineni 2010) . However, oil price fluctuations can affect macroeconomic variables, including GDP growth, inflation, and the currency exchange rate Herrara 2004, Hamilton 2005) . Thus, oil price fluctuations lead to an increase in equity risk premiums, which can in turn affect the discount rates applied to cash flows in stock assessment models. With the same alignment, policy makers and central banks consider the increase in oil prices to be inflationary. Therefore, central banks react by increasing interest rates, particularly short-term interest rates, affecting the discount rate used in stock market price assessment models (Basher et al. 2012) . Investors may also require an increase in the risk premium on the assets that they hold and experience greater exposure because of oil price fluctuations. Thus, an increase in the required risk premium on the volatility of oil prices leads to a significant response in equities. In this vein, French et al. (1987) found that the expected market risk premium and the predictable volatility of stock returns are positively related. Faff and Brailsford (1999) and Jalil et al. (2009) , have claimed that oil prices affect both consumers and producers. Faff and Brailsford (1999) documented that an increase in oil prices induces an increase in the prices of goods and services for consumers. In contrast, a decline in the demand for goods and services due to the inflationary effect driven by an increase in oil prices reduces the profits and lowers the magnitude of operations of producers.
3 Jalil et al. (2009) argued that on the producer's side, "a higher oil price is associated with higher input price." They added that an increase in production costs "will not only cause reduction in the quantity of output produced, but also push the price of output sold in the market to be higher." In fact, an increase in the cost of production and distribution due to a higher oil price will lead to a lower real income for producers. To protect their real income, producers will consequently pass on the cost to consumers. As a result, the general price level in an economy seems to increase in a similar manner. Specifically, signs of nonlinearity have been reported and the responses are likely to be raised asymmetrically (Hamilton 2003 , Lardic and Mignon 2006 , 2008 , Zhang 2008 , Cologni and Manera 2009 . Other types of interactions are empirically reported drivers, despite the importance of the studies, with mixed and inconclusive results obtained for the types of actions taken in response to the upheavals in oil prices. Different reasons exist for these mixed results. First, the samples covering periods and countries were not equivalent. Second, the econometric analysis methods varied. Furthermore, the specification of oil price shocks faces several difficulties, and distinguishing between net oil-importing and net oil-exporting countries is not easy. It is a subject of confusion in that the needs and reserves of oil vary according to the country over time, as do the rate of consumption, the stability of producer countries, and the pressures of supply and global demand. Various empirical studies have found that stock market prices are asymmetrically affected by different exogenous regressors, such as financial news (Antoniou et al. 1998) , stock market indices of foreign countries (Bahng and Shin 2003) , and monetary policies (Tsai 2013) . In particular, Tsai (2013) Keeping the possible asymmetry in the reaction of stock markets, investigating stock markets' reactions to oil price shocks, short-term interest rates, and real industrial production can provide a better understanding of their relation. In particular, the NARDL approach adopted in this study allows the possible asymmetry in both long-and short-run effects to be considered. To the best of our knowledge, the existing empirical literature lacks evidence on the nonlinear relation between stock markets and oil price shocks. This study fill the gap by investigating the relation between oil price shocks and stock markets, considering nonlinearity and asymmetry for oil-importing and oilexporting countries. 
A. Data description
We use monthly data for real stock prices, real industrial production, nominal interest rates, and oil prices during the period from January, 1986 , to May, 2015 . The monthly data were used previously by Sadorsky (1999) , Driesprong et al. (2008) , Park and Ratti (2008) , Lee et al. (2012) , and Cũnado and Perez de Gracia (2014) . The countries included in this study are Denmark, Mexico, Poland, and Portugal as net oil exporters and Estonia, France, Germany, Italy, Japan, South Korea, New Zealand, Austria, and the US as net oil importers. The data for oil prices and oil production are available from the Energy Information Administration (EIA) database. The data on industrial production, short-term interest rates, consumer price indices, and exchange rates are compiled from the OECD database and Global Financial Data (GFD). The data for stock market indices are available in the OECD and EUROSTAT databases. Furthermore, the empirical models include one endogenous variable, namely the real stock price (sp), and numerous exogenous variables, specifically industrial production (ip), the short-term interest rate (r), and the national (world) oil price. Industrial production and short-term interest rates allow us to control for the indirect macroeconomic channels through which oil price changes are transmitted to stock markets. The oil price allows us to supervise the direct impact of oil price changes on stock market indices. 
B. Estimation model
In the literature, oil price-stock market linkages have been examined using various time series techniques, such as Autoregressive Conditionally Heteroscedastic (ARCH) and Generalized Autoregressive Conditionally Heteroskedastic (GARCH) model, cointegration and the Vector Error Correction Model (VECM), the Vector Autoregression (VAR) model, and the Markov switching model. The major disadvantages of these techniques include the presumptions of a symmetric relation between oil prices and stock market prices, and the linearity of the relation, and the time-varying independence of the relation. New research in this field has attached greater importance to the nonlinear and asymmetric relation between the variables. In particular, Shin et al. (2014) developed an extension to the well-known Autoregressive Distributed Lag (ARDL) approach initiated by Pesaran and Shin (1999) and Pesaran et al. (2001) , namely the Nonlinear Autoregressive Distributed Lag (NARDL). This technique allows the investigation of the asymmetric linkages between the sp (as an exogenous variable) and each of the rip, ir, and op (as endogenous variables). The asymmetry in the relation between the dependent variable and each of the independent variables refers to the asymmetry in the impact of nominal oil price × exchange rate consumer price index nominal indestrial production consumer price index negative and positive changes of 1% in the independent variable on the real stock price as the dependent variable in both signs and magnitude. Further, it allows both longand short-run asymmetries to be captured in the predictor. The asymmetric long-run specification of oil prices and stock market prices are specified as shown in Equation (1). where rsp is real stock prices and rip and r capture the industrial production and short-term interest rate channels through which oil price changes are transmitted to stock market prices, and op is the real oil price.
represents a vector of the long-run parameters to be estimated. For each independent variable , increases and decreases are specified as follows:
and Based on Equation (1), and capture the long-run link between stock markets and increases in rip, r, and op, respectively, and and capture the long-run relation between stock market prices and decreases in rip, r, and op, respectively. The former are assumed to be negative and the latter are expected to be positive. Because investors are more sensitive to increases in production costs than they are to decreases, the impacts of oil price increases on long-run changes in stock markets seem to be greater than those of the same magnitude of oil price decreases. Accordingly, and seem to be greater than and , reflecting the asymmetric long-run relation between the stock market returns and these selected variables. Furthermore, the ARDL setting of Equation (1) can be framed as follows:
In Equation (4), all the variables are defined as in Equation (1), and m, n, p, q, s, and h represent the lag orders. and capture, respectively, the aforementioned long-run impacts of increases in rip, r, and op on stock markets. In the same way and capture, respectively, the longrun impacts of the decreases in rip, r, and op on stock returns. ∑ capture, respectively, the short-run impacts on stock market prices of the decreases in the following variables: rip, r, and op. In addition to the asymmetric long-run relation captured in Equation (1), Equation (4) allows the asymmetric impacts of changes to be captured in the selected explanatory variables on stock markets. However, the nonlinear ARDL can be applied regardless of whether the variables are I(0) or I(1). The presence of an I(2) variable can affect the estimate output significantly and "renders the computed F-statistics for testing cointegration invalid" (Ibrahim 2015) . As a consequence, we conduct ADF, PP, and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) unit root tests to establish the order of integration of the variables. In the second step, Equation (4) is estimated using the standard OLS method. We proceed following Katrakilidis and Trachanas (2012) and Ibrahim (2015) to determine the final specification of the NARDL model. The general-tospecific procedure involves running the basic model and trimming the insignificant lags after each estimation until significant results are obtained for all the regressors.
Once the objective at the second step has been achieved, the third step is to test for the presence of cointegration among the variables. The bounds-testing approach of Pesaran et al. (2001) and Shin et al. (2014) is used. This approach is to apply a Wald F-test to verify whether the null hypothesis can be rejected. Once a cointegration relation has been identified, the next step is to examine the long-and short-run asymmetries in the relation between the stock markets and the variable of interest. Furthermore, the asymmetric cumulative dynamic multiplier impacts of a 1% change in each regressor can be derived as At the same time, the asymmetric cumulative dynamic multiplier impacts of a 1% change in can be derived as For relations Equation (5) and Equation (6), we note that, as and (Ibrahim 2015) . Table 2 reports the summary statistics of the monthly data of real stock markets, real industrial production, short-term interest rates, and national oil prices. The world oil price corresponds to the US national oil price. The statistics include the sample's mean, minimum, maximum, standard deviation, kurtosis, skewness, Jarque-Bera (J-B), and J-B p-values. The Japanese real stock price appears to have the highest standard deviation (35.95%), whereas that of South Korea shows the lowest standard deviation (3.31%). All the sampled countries, with the exception of Austria and Italy, appear to have positive average returns. However, the excess returns of Austria, Estonia, Japan, South Korea, New Zealand, Portugal, and the US display negative unconditional skewness. This result implies that the stock markets of these countries have higher probabilities of closing with negative returns. The kurtosis of all the countries' stock markets exhibits leptokurtic distribution. This result indicates that extreme values of stock market prices have high chances of occurring. The p-value of the Jarque-Bera test statistics reveals that the null hypothesis of the normal distribution of stock market prices is not rejected for all the sampled countries.
IV. Empirical Results
It also shows that the national oil price appears to have a positive average value for all the selected countries. The highest price is observed in Italy (7.2827) and the lowest price in Austria (0.0257). In addition, all the national oil prices display negative unconditional skewness, which implies that the probability of a decrease in the national oil prices is higher than the probability of an increase. The excess kurtosis of the national oil prices of all the sampled countries shows leptokurtic distribution. This implies that there is a prevalence of extreme values for oil prices. The p-value of the Jarque-Bera test statistics reveals that the null hypothesis of normal distribution of oil prices is rejected for all the sampled countries, except Japan.
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For the short-term interest rate, the descriptive statistics show that the US has the lowest average short-term interest rate (0.17%) and that Mexico has the highest average short-term interest rate (4.02%). The lowest volatile short-term interest rate is shown in Japan and the US (standard deviation = 0.0005). The short-term interest rate displays positive unconditional skewness, which implies a higher probability of an increase in the short-term interest rate than that of a decrease. At the same time, based on the kurtosis statistics, we show that the leptokurtic distribution implies the prevalence of extreme short-term interest rates. The p-value of the Jarque-Bera test statistics reveals that the null hypothesis of the normal distribution of short-term interest rates is rejected at the 5% significance level in Austria, Denmark, Estonia, France, Germany, Italy, and Portugal and rejected at the 10% significance level in the US. We cannot reject the null hypothesis, however, in Japan, South Korea, Mexico, and New Zealand.
For real industrial production, a higher standard deviation is observed in Japan (0.1322) and a lower level in Austria (0.0215). Negative unconditional skewness is observed in Estonia, Japan, South Korea, and the US. The real industrial production of Austria, Denmark, France, Germany, Italy, Mexico, New Zealand, Poland, and Portugal displays positive unconditional skewness. As for the other variables of the model, real industrial production appears to have leptokurtic distribution for all the sampled countries. The p-value of the Jarque-Bera test statistics reveals the rejection of the null hypothesis stating the normal distribution of real industrial production, in all the sampled countries except Germany. 
The bounds-testing approach requires that no I(2) variables are involved. Hence, we perform the unit root tests on the time series. We include both constant and trend terms and employ the Akaike Information Criterion (AIC) to select the optimal lag order in the ADF unit root test. For the selected OECD countries, the outcomes of the ADF, PhillipsPerron and KPSS unit root tests on the level of and for the first difference of the real stock market, short-term interest rate, real industrial production, and real oil prices are presented in Table 3 . The various unit root tests indicate, for different countries, that the different series are integrated with an order of 1, no series is I(2). Hence, we can proceed to implement the bounds-testing approach. We estimate Equation (4) by applying the general-to-specific procedure to reach the final model specification.
The results of the cointegration bounds testing are shown in Table 4 . We considered both national and world oil price specifications for each country. Based on the F-test results, the four variables, that is, stock market prices, oil prices, real industrial production, and short-term interest rates, move together in the long run. In fact, considering the national oil price specification, we show an F-statistic that is significant at the 5% level for Austria, Estonia, Germany, Italy, Japan, South Korea, Mexico, New Zealand, Poland, and the US. For Denmark, France, and Portugal, the F-statistic is significant at the 10% level. For the world oil price specifications, the following results are shown: the F-test is significant at the 5% level for Austria, Japan, South Korea, Poland, and the US. For Denmark, Estonia, France, Germany, Italy, Mexico, New Zealand, and Portugal, the F-test is significant at the 10% level. With these results, we can determine the effect of the stock market dynamics and their relation to positive and negative changes in oil prices on real industrial production and short-term interest rates. (Note) ADF denotes Augmented Dickey-Fuller unit root tests, PP refers to Phillips-Perron unit root tests, KPSS denotes Kwiatkowski-Phillips-Schmidt-Shin tests. *, ** and *** denote rejection of the null hypothesis at10%, 5% and 1% levels of significance, respectively. The lag length in all the tests has been selected according to Akaike Information Criteria (AIC).
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The Asymmetric Responses of Stock Markets jei Before investigating the long-and short-run connections between the stock market prices and the variables of interest, in the first step, we judge the adequacy of the dynamic specification based on various diagnostic statistics, including the LM statistics for the order 12 (denoted SC (12)), the White test of heteroscedasticity and the Ramsey Regression Equation Specification Error Test (RESET) for the stability test. The results of these tests are presented at the bottom of Table 6 . The model with the national oil price specification passes all the diagnostic tests, suggesting the absence of autocorrelation at the 5% significance level for all the countries. At the same time, the model with the world oil price specification passes all the diagnostic tests, suggesting the absence of autocorrelation at the 5% and 1% significance levels for all countries except Poland. For the stability test diagnostic, the results of the RESET test suggest that we cannot reject the null hypothesis that the model has no omitted variables at the 1% significance level, with both national and world oil price specifications, for the following economies: Denmark, France, Italy, Japan, South Korea, Mexico, Poland, and the US. For Estonia, Germany, Mexico, and New Zealand, however, we reject the null hypothesis in favor of Vol.33 No.1, March 2018 , 1096~1140 Abderrazak Dhaoui , Stéphane Goutte and Khaled Guesmi http://dx.doi.org/10.11130/jei.2018 .33.1.1096 jei the alternative, suggesting that the model has possible missing variables at the 1% level. At the 5% significance level, the null hypothesis is also rejected for Mexico and Poland with the national oil price specification and for the US with both national and world oil price specifications. The results for Durbin-Watson statistics show the absence of autocorrelation for all the selected countries, with the exception of Japan having world oil price specification. Table 5 summarizes the results of the Wald test of long-and short-run asymmetry. The analysis of the null hypothesis of symmetry in both the long and short run provides mixed results. The null hypothesis of symmetry in the long run against the alternative of asymmetry is tested using the Wald statistic, including H LR,rip , H LR,r :
, and H LR,op : , respectively. The results (Table 5 , long-run asymmetry) suggest the rejection of the null hypothesis for real industrial production in Austria, Estonia, Germany, the US, and Poland. The rejection of the null hypothesis of the symmetric long-run impact of positive and negative changes in the short-term interest rate is shown for Austria, Japan, New Zealand, the US, South Korea, and Poland. For negative and positive oil price shocks, the alternative hypothesis is confirmed for Austria, Estonia, Japan, the US, and Poland. However, we fail to reject the null hypothesis of a long-run symmetric impact of positive and negative changes in the different independent variables in the cases of France, Italy, Denmark, Mexico, and Portugal.
Regarding asymmetry in the short run, we analyze the null hypothesis of symmetry against the alternative of asymmetry based on the Wald statistic, including H SR.rip :
, H SR.r :
, and H SR.op : . The results show the rejection of the null hypothesis of short-run symmetry in the positive and negative changes for real industrial production in Austria, Estonia, Germany, the US and Poland. For the short-term interest rate, the null hypothesis of symmetry is rejected for Austria, France, Japan, New Zealand, South Korea, the US, and Poland. We reject the null hypothesis of short-run symmetry in the positive and negative oil price shocks in Austria, Estonia, Italy, Japan, the US, Denmark, and Poland. Overall, the results show the asymmetric impact of positive and negative changes in at least one of the three independent variables of real industrial production, short-term interest rates, and oil prices in the sampled oil-importing countries. In oil-exporting countries, the main result confirms the presence of a symmetric impact, with the following exceptions: Poland, for which we reject the null hypothesis of symmetry for all three variables, and Denmark and Mexico, for the oil price and the short-term interest rate, respectively. (Note) This table reports the results of the long-and short-run symmetry tests for the effect of each explanatory variable (real industrial production, short term interest rate and real oil price) on stock price. W LR denotes the Wald statistic for the long-run symmetry, which tests the null hypothesis of for each explanatory variable in Equation (4). W SR corresponds to the Wald statistic for the short-run asymmetry, which tests the null hypothesis that for each explanatory variable in Equation (4). The numbers in brackets are the associated p-values. *, ** and *** indicate rejection of the null hypothesis of symmetry at the10%, 5% and 1% levels, respectively. Table 6 shows the estimated results of the NARDL model. Based on these results, we note that the estimated coefficients related to the short-term interest rates are highly significant at the 1% and 5% significant levels for almost all the selected countries. For oil prices, the significance of the coefficients seems to depend on the economic state of each country. The same results are confirmed for the coefficients related to real industrial production. Based on the AIC information criterion and Wald symmetry tests, we selected the NARDL lag specification with the short-run asymmetry for each country. The results show that the long-run coefficient of positive changes in oil prices is positive for the national oil price of New Zealand and the world oil prices of Austria. For Germany and the US, the long-run coefficient of the positive changes in both national and world oil prices is negative. For the negative changes in oil prices, the long-run coefficient is negative at the 1% and 5% significance levels for Estonia and Germany. For Japan and the US, the long-run coefficient of negative changes in oil prices is negative for both the national and the world oil price specification. For the short-term interest rate, both positive and negative changes present a negative long-run coefficient at the significance levels of 1% and 5% in Italy, Japan, South Korea, New Zealand, and Poland. In the US, positive changes in the short-term interest rate have a positive impact on stock prices. The long-run coefficient of negative changes in the short-term interest rate is negative for Austria. For real industrial production, both positive and negative changes present a positive long-run coefficient at the 1% and 5% significance levels for France, Italy, Japan, Mexico, Poland, and the US. For Estonia, the negative changes in real industrial production present a positive long-run coefficient. Only for Austria, the long-run coefficient is positive for the positive changes in real industrial production. Figures 1 and 2 plot the dynamic effects of positive and negative changes in real industrial production, short-term interest rates, and oil prices for the sampled countries, considering the national and world oil price specifications, respectively.
Based on Figures 1 and 2 , an asymmetric response of stock prices to positive and negative changes in real industrial production is detected with a rapid reaction for the following economies: Germany, Italy, South Korea, Poland, the US, and Austria. For Germany, Poland, and Austria, we see a particularly insignificant reaction to positive changes and a negative and significant reaction to negative changes. For the US and Italy, the responses to decreases are obviously gradual, with a smooth equilibrium correction after about 5 to 6 months and 6 to 8 months, respectively. The reaction of stock prices to negative changes in real industrial production in Estonia is cumulative over time. Whereas, the reaction to positive shocks is absorbed after approximately 6 to 7 months to reach an equilibrium state over the rest of the months. For Japan and France, a rapid and quite symmetric reaction of stock prices to positive and negative shocks in real industrial production is detected. For Denmark, Mexico, and New Zealand, we cannot detect a significant rapid response to increases or decreases in real industrial production.
The results of the short-term interest rate show a mixed response of stock prices to positive and negative shocks. For Denmark and Japan, we cannot detect a rapid response of stock prices due to negative and positive shocks occurring in the shortterm interest rate. The reaction appears within approximately 9 months. In addition, an asymmetric reaction is detected in Estonia during the first 6 months. After this period, the response becomes symmetric but does not adjust to the equilibrium state. For France, both positive and negative shocks in the short-term interest rate positively affect the stock market prices. However, although the sensitivity to negative shocks continues over time, the positive impact of an increase in the short-term interest rate diminishes after approximately 5 months to become negative in the ninth month. The reaction of the stock prices in Germany to the variation in the short-term interest rate is positive and more rapid to an increase (after approximately 4 months) than to a decrease (after approximately 6 months). In Italy and Austria, we detect an asymmetric reaction with an insignificant impact of increases and decreases, respectively, in the short-term interest rate. It is notable that the stock prices respond positively to negative shocks in the shortterm interest rate for Italy but negatively to increases for the Austrian economy. For South Korea and Mexico, we detect an asymmetric response. However, the reaction is more rapid in Mexico (after 1 to 2 months) than in South Korea (after approximately 5 to 6 months). The response to increases is negative and more gradual in South Korea, but it is positive and more gradual in Mexico. We also show asymmetry in the relation in the US, New Zealand, and Poland. For these countries, the response is nonlinear with a negative impact of increases over time but an unstable impact of decreases. In the US, a negative impact of increases and decreases is detected, but it is more gradual for the increases.
For both national and world oil prices, we note an asymmetric response of stock market prices to positive and negative shocks. However, although there is clear asymmetry, both positive and negative shocks in oil prices remain insignificant in Portugal for national oil prices and in France, Italy, and Portugal for world oil price specifications. Positive and negative shocks have a time-deferred impact for the rest of the countries. The empirical results discussed above have significant implications for investors, analysts, and political decision makers. First of all, we note that stock market prices are highly sensitive to positive and negative shocks occurring in the short-term interest rate, compared with changes in real industrial production and in oil prices. It is apparent that stock prices react immediately and strongly to changes in the shortterm interest rate. However, oil price shocks have an insignificant impact because the sample countries are highly industrialized and have a high GDP. Because the abrupt changes in oil prices are transmitted to the stock market through industrial production and short-term interest rates as indirect transmission channels to the interest rate, these countries adjust their policy on oil reserves to smoothen the impact on stock returns. The adjustment process also involves the central bank adjusting the interest rate policy to address the inflation rate induced by oil prices because oil prices act as an inflationary factor. The positive and negative shocks in the oil price effect become absorbed and recompensed by the loss and gain induced by this adjustment of the short-term interest rate. The impact of changes in oil prices on real industrial production is neutralized by the effect of adjustment of the short-term interest rate.
Overall, our findings confirm that stock prices are related in a nonlinear manner to macroeconomic fundamentals such as oil prices, real industrial production, and short-term interest rates. The response is highly sensitive to whether the changes in macroeconomic variables are positive or negative. In particular, the speed of response and the time required to reach a new equilibrium state are sensitive to the direction of changes in the macroeconomic fundamentals.
V. Conclusions
This paper investigates the dynamic asymmetric response of stock prices to oil prices, real industrial production, and short-term interest rates, using monthly data of OECD oil net importer and net exporter countries. The short-and long-run asymmetries in the relation are estimated using the NARDL model with monthly data from January 1986 to May 2015.
The results show an asymmetric long-run impact of oil prices, real industrial production, and short-term interest rates on the stock markets of Poland, the US and, Austria. For Estonia, only real industrial production and oil prices have an asymmetric impact on the stock market in the long run. For the stock market of Japan, the oil prices and short-term interest rate have an asymmetric impact. For the German and South Korean stock markets, the long-run asymmetry moves from real industrial production to stock markets and from short-term interest rates to stock markets, respectively.
Overall, our findings serve as confirmation that the stock market prices are related in a nonlinear way to macroeconomic fundamentals, such as oil prices, real industrial production, and short-term interest rates. The response is highly sensitive to whether the changes in macroeconomic variables are positive or negative. In particular, the speed of response and the time required to reach a new equilibrium state are sensitive to the direction of the changes in the macroeconomic fundamental. This finding can substantially help investors to adjust their investment strategies to these changes, and it lends itself to more efficient decision-making policies because it can help investors smoothen the negative impact of unexpected events.
